Hydroxyl radical production during oxidative deposition of iron in ferritin.
The chemistry of oxidative deposition of iron(III) in ferritin and apoferritin is poorly understood. This study was undertaken to look for radicals formed as the hydrous ferric oxide core is developed from Fe(II) and O2. Radicals were observed indirectly by using the spin-trapping reagent N-tert-butyl-alpha-phenylnitrone (PBN) at room temperature and directly by measuring ESR spectra of frozen solutions at 77 K. In both instances, radical production was inhibited by the hydroxyl radical scavenging agents dimethyl sulfoxide, thiourea, and mannitol and enhanced by the addition of hydrogen peroxide. These findings strongly suggest that hydroxyl radical, produced from the iron-catalyzed Haber-Weiss reaction, is a by-product of core formation in ferritin and is a precursor to the observed radicals. The yield of ESR-observable and spin-trapped radicals is quite low, being at the micromolar level when millimolar concentrations of ferrous ion are employed. Furthermore, radical production appears to be confined to the interior of the ferritin molecule, where cellular components would be protected from the oxygen-derived toxic effects of iron. It is postulated that hydroxyl radical-medicated oxidative damage to the protein, a process that may contribute to the formation of hemosiderin from ferritin, leads to the observed radicals. By serving as a sink for hydroxyl radical, the protein shell may therefore efficiently minimize damage to other biomolecules in the cell.